665913. The multiple-virusresistant cucumber 'TMG1' (22) and susceptible commercial cvs. Olympic F1 (US Agriseeds, San Luis Obispo, CA), Janette F1 (De Ruiter, Bergschenhoek, Holland), and Al-Hassnaa F1 (Nickerson-Zwaan, Made, Holland) also were included.
Yellowing diseases of cucurbit crops (cucumber (Cucumis sativus L.), squash (Cucurbita spp.), melon (Cucumis melo L.), and watermelon (Citrullus lanatus (Thunb.) Matsum. & Nakai)) are caused by whiteflytransmitted viruses and incite severe economic losses worldwide (17, 23) . Three distinct whitefly-transmitted cucurbit yellows viruses have been distinguished: Beet pseudo yellows virus (BPYV) (7) , Lettuce infectious yellows virus (4, 9) , and Cucurbit yellow stunting disorder virus (CYSDV) (11) . CYSDV first was identified in the United Arab Emirates in the 1990s (11) and since has been reported in Syria, Turkey, Jordan, Egypt, and Israel (8) . CYSDV has spread throughout the Mediterranean basin, where it was recognized as a rapidly emerging and economically important virus. CYSDV progressively has replaced BPYV as the predominant virus infecting cucurbits in the Almeria region of southern Spain (5) . More recently, CYSDV has been reported in Portugal (18) , Morocco (6) , the United States (14) , and Lebanon (1) . The host range of CYSDV is restricted to the cucurbits (3), and major symptoms include chlorotic mottling, yellowing, and stunting of cucumber (18) and yellowing and severe stunting of melon (14) . Cucumber and melon infected by CYSDV show prominent yellowing on lower leaves 4 to 5 weeks after inoculation. Interveinal mottling appears on the older leaves, coalescing to give a bright yellow color and brittle leaves. Symptoms spread upward but never reach the youngest four to five leaves (1) . These symptoms, like those caused by most whitefly-transmitted closteroviruses, are confusing to growers and researchers. Except for leaf thickening and brittleness, symptoms easily can be confused with physiological or nutritional disorders, natural aging, or pesticide toxicity (23) .
CYSDV is transmitted in a semipersistent manner by Bemisia tabaci biotype 'B' (B. argentifolii) or biotype 'Q' in Portugal and Spain (2, 3) . In serial daily transfers, CYSDV persisted in the vector for 7 to 9 days with a half-life of 72 h, the longest retention time documented among whitefly-transmitted closteroviruses (23) . Control of CYSDV in fieldgrown cucurbits currently is based on chemical treatments for the vector and preventive cultural measures, both with limited success. Melon germ plasm resistant to CYSDV has been reported (17, 19) ; however, there are no reports of CYSDV resistance in cucumber. In this research, we screened cucumber germ plasm for reaction to CYSDV and demonstrated differences in virus titer and symptoms. leaf was just expanded. Except for the first trial, adult whiteflies acquired the virus by feeding for 24 to 48 h on CYSDV-infected melons. An average of 40 to 50 whiteflies per seedling were allowed an inoculationaccess period of at least 48 h, and then they were sprayed with imidacloprid (Confidor). Acquisition and inoculation feedings were performed in insect-proof cages.
Field trials. Three field trials were conducted in plastic greenhouses with insectproof nets, two trials during summer 2003 and 2004 at the Agriculture Research and Education Center (AREC) of the American University of Beirut located in the Beqaa Valley, and one trial during fall 2003 in the coastal area of Lebanon. For all three trials, a completely randomized design was used with two replicates per accession and five to six plants per replicate. Plant spacing was between 2 and 2.2 plants/m 2 and cucumbers were grown on trellises using normal horticultural practices. In the first field trial during August 2003, CYSDV was introduced by collecting a large number of whiteflies from commercial cucumber greenhouses naturally infected by CYSDV and releasing them in a plastic greenhouse, where plants had reached the first-to third-leaf stage. Whiteflies were allowed an inoculation-feeding period of 4 days before spraying with insecticides. The second (fall 2003) and third (summer 2004) trials used accessions from the first trial that showed little to no symptom development or had fewer than six plants due to poor seed germination. Individual plants showing low disease severity indices (DSIs) in the first trial were self pollinated and progenies were evaluated in the third trial.
Disease ratings. Yellowing symptoms were scored weekly over five to eight consecutive weeks. DSIs were recorded as 0 = no symptoms, 1 = only slight mosaic with no yellowing, 2 = three to four leaves with clear symptoms and one leaf with severe yellowing, 3 = five to six leaves showing clear symptoms and two to three leaves with severe yellowing, and 4 = more than six leaves with clear symptoms and at least four leaves with severe yellowing. During the first trial at 10 days post inoculation, populations of B. tabaci were rated on the top five leaves of all accessions using a scale where 0 = no whiteflies, 1 = a low number of whiteflies scattered on most of the leaf, 2 = whiteflies covering half of the leaf, and 3 = whiteflies covering the whole leaf.
CYSDV detection and relative concentrations in infected plants. Tissue blot immunoassay (TBIA) was used to detect CYSDV infection (12) and RT-PCR was used occasionally to confirm infection by CYSDV (1) . Relative virus concentrations in randomly selected tolerant and susceptible accessions were evaluated in the second trial using three types of serological assays. Three leaf samples were collected randomly from three different plants of each tolerant and susceptible accession: three just-opened leaves from the top, three of the middle leaves, and three from the bottom leaves, for a total of nine leaves per accession. TBIA, dot blot immunoassay (DBIA), and indirect ELISA were performed as described earlier (12) . The DBIA protocol was modified in that leaf samples (leaf midribs) were homogenized (1:20 wt/vol) in TBST (Tris-buffer saline + 0.1% Tween 20, pH 8, + 0.1% sodium sulfite). A wet, positively charged Nylon membrane (Amersham Biosciences, Little Chalfont, Bucks, UK) was placed in a Biodot microfiltration apparatus according to the manufacturer's instructions (Bio-Rad Laboratories, Hercules, CA) and rinsed with 100 µl of TBST buffer/well. Sample extracts (6 µl of each leaf extract + 44 µl of TBST) were applied under vacuum. Following this step, the same protocol was used as described for TBIA, except that the colorimetric detection was replaced by chemiluminescent detection using CDPstar as described by the manufacturer (Amersham Biosciences). The scanned Xray films of the membranes were computer analyzed using the Labworks software (Ultra-Violet Products Ltd., Cambridge, UK) to quantify the intensity of the signals, considering the signal of the healthy control as background reference.
Leaf extracts from two accessions showing typical CYSDV symptoms were used as positive controls. Twofold serial dilutions of leaf extracts from the positive controls from 1:40 to 1:640 were used for ELISA and plotted against their corresponding absorbance readings at 405 nm (A 405 ). Absorbance was monitored with Multiskan Ascent, Thermo-Labsystems, Joensuu, Finland. Predicted A 405 values from regression of absorbance on dilution in positive controls were compared with A 405 readings from tolerant and susceptible accessions.
Statistical analysis. All statistical analyses were conducted using SPSS 10.0 (completely randomized experimental design) and, when means were significantly different, mean separations were calculated using the least significant difference (LSD) test with significance at P = 0.05.
RESULTS
Screening for reaction to CYSDV. In the first field trial of 124 cucumber acces- y DSI rated as follows: 0 = no symptoms; 1 = only slight mosaic, no real yellowing; 2 = only three to four leaves infected (one leaf shows yellowing); 3 = only five to six leaves infected (two or three leaves show yellowing); and 4 = more than six leaves infected (four leaves and more show yellowing). WPI = weeks post inoculation and … = not tested due to unavailability of seed at the beginning of the trial. z Bold letters designate the most promising tolerant accessions. sions, 12 accessions (PIs 118279, 164284, 177364, 211589, 249562, 255933, 293432, 511819, and 605923; Ames 13334; and NSL 5720 and NSL 5722) showed DSIs between 1 and 2 with delayed development of symptoms (Table 1) , whereas all other accessions had DSIs greater than 2 or 3. There was no correlation between level of whitefly infestation and disease severity (data not presented). TBIA and RT-PCR of leaf samples showed that all accessions were infected by CYSDV; therefore, accessions with lower DSIs did not express severe symptoms even though the virus was present. These accessions will be referred to as tolerant to CYSDV.
The second trial was conducted in the Damour coastal area in November 2003 and included 28 accessions scored as tolerant or susceptible in the first trial (Table 1) . Susceptible accessions showed clear symptoms 4 weeks post inoculation (WPI) and had final DSIs between 3 and 4 at 8 WPI. The incidence of plants with DSIs of 2 or more (DSI ≥ 2) ranged between 60 and 100% ( 
Comparison of relative virus concentrations.
TBIA was performed 16 and 18 WPI in the second trial. For both time periods, the middle leaves showed the most consistent detection of the virus, with more intense precipitation in areas corresponding to the vascular tissue, whereas variations were observed in the upper and lower leaves (Table 3 ). We completed quantitative tests using DBIA and ELISA. These serological tests detect the CYSDV coat protein concentration, which may be positively correlated with relative virus concentration. In preliminary tests, the middle leaves of susceptible accessions had the highest relative virus concentrations, followed by the lower leaves, whereas the upper leaves showed considerable variation in relative virus concentrations. Therefore, the quantitative tests were performed only with extracts from the middle and lower leaves. For DBIA at 18 WPI, integrated optical density (IOD) readings of the viral antigen in the middle leaf extracts for four susceptible accessions (PI 274902, PI 511819, Olympic, and Janette) ranged between 65 and 214. The respective IOD readings were less than 1.2 for five tolerant accessions (PIs 177364 and 211589, Ames 13334, PI 605923, and Ames 3950), revealing lower virus concentrations than in susceptible accessions ( Table 4) . Differences also were observed for relative virus concentrations in lower leaves, ranging between 12.8 and 36.7 for the susceptible accessions and less than 0.8 in the five most tolerant ones (data not shown).
ELISA readings (A 405 ) at 18 WPI revealed that virus titers in the tolerant accessions PIs 177364, 211589, and 605923, Ames 13334, and Ames 3950 were significantly lower than in the susceptible controls (Table 5 ). Serial dilutions of leaf extracts from 'Janette' and 'Olympic' showed linear relationships (R 2 = 0.92 and 0.98, respectively) between A 405 readings and dilutions from 1/40 to 1/640. Comparison of A 405 values from regression of absorb- x DSI rated as follows: 0 = no symptoms; 1 = only slight mosaic, no real yellowing; 2 = only three to four leaves infected (one leaf shows yellowing); 3 = only five to six leaves infected (two or three leaves show yellowing); and 4 = more than six leaves infected (four leaves and more show yellowing). WPI = weeks post inoculation. y Bold letters designate the most promising tolerant accessions. z Selfed progenies from cucumber accessions. 
x Readings according to the following scale: 0 = no precipitate detected, 1 = precipitate just visible, 2 = precipitate obvious but not strong, 3 = strong precipitate, and 4 = very strong precipitate; mean ± standard deviation (SD) of three readings. y S = susceptible accession or cultivar, T = tolerant accession, and (T) = phenotype of most plants is tolerance but some plants showed severe symptoms. z Bold letters designate the most promising tolerant accessions. ance on dilution in positive controls with A 405 readings from tolerant and susceptible accessions ( 
DISCUSSION
CYSDV causes severe losses in the Mediterranean region, and its rapid spread makes it one of the most important viruses infecting the cucurbits (16) . In Lebanon, the incidence of CYSDV may reach 100% in summer production in plastic greenhouses without insect-proof screens, with yield reductions of 40 to 50% (1). We evaluated 124 cucumber accessions for reaction to CYSDV in three field trials using viruliferous whiteflies under controlled inoculation conditions. None of the cucumber accessions showed immunity, unlike that reported for melon (17) . However consistently lower DSIs were observed in accessions PIs 293432 and 605923 and Ames 13334 in all three field trials. Other promising accessions with relatively low DSIs included PI 177364, PI 279807, and self-pollinated progenies from PI 211589 and NSL 5746 (Tables 1 and 2 ).
The most severe symptoms were observed in the third trial after seedlings were subjected to heavy inoculum pressure with high summer temperatures. Because these conditions seldom occur in production fields, these accessions may perform better when inoculation occurs at a later growth stage or with lower inoculum. The whitefly density on inoculated leaves was similar between accessions with and without symptoms, indicating that tolerance to whitefly is not a major factor in the development of CYSDV symptoms on cucumber.
Serological assays showed that CYSDV is unevenly distributed within the cucumber plant and that middle leaves are better than the top and bottom leaves to compare relative virus concentrations in the plant. Similar results were reported for CYSDV in melon (19) . In this respect, progression of CYSDV infections differed from other viruses in which younger leaves had the higher virus titers early after inoculation (13) , and was similar to other closteroviruses in which older leaves had higher virus titers (15, 20) . Both DBIA and ELISA readings at 18 WPI revealed that accessions PI 605923, Ames 3950, Ames 13334, PI 177364, and PI 211589 had lower DSIs and significantly lower virus concentrations than susceptible accessions. The large standard deviations observed in some accessions (Tables 4 and 5 ) may be due to escapes, even under high inoculum pressure (5) . However, accessions with lower DSIs were not immune to CYSDV. Rather, virus concentrations were too low to be detected by ELISA. The virus was revealed by DBIA, which is a more sensitive detection method.
Virus resistance can be defined as a reduction in symptoms associated with reduced virus concentrations, whereas tolerance often is defined as a reduction of symptoms with slight or no reduction in virus concentrations (10, 21) . Germ plasms with limited or no virus replication in the inoculated leaves are preferred to reduce the spread of CYSDV from resistant plants to nearby nonresistant cucurbits. Resistance to CYSDV in the melon 'TGR-1551' was controlled by a single dominant gene (17) which may restrict virus movement in the vascular system of the plants or prevent high levels of virus accumulation (19) . Cucumber accessions PI 211589, PI 605923, and Ames 13334 showed tolerance to CYSDV because they developed less severe symptoms in three different tests, and accumulated lower virus titers compared with susceptible accessions. Accessions PIs 177364, 279807, and 293432 and NSL 5746 also may be promising sources of tolerance under moderate disease pressure. In the future, studies should address the mechanism and inheritance of tolerance in cucumber to CYSDV.
